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FULL RANGE 
OF MODELS 


The illustrations show a 
MediumDeLuxe Cooker and 
a Cottage Cooker (in circle) 


@IMPORTANT FEATURES OF 
‘ENGLISH ELECTRIC’ COOKERS 


Plug in type elements. 


Lagging space sealed from steam 
and moisture. 


Full width hot cupboard. 
All enamel or semi-black finish. 
Efficient earth bonding. 


Balanced oven heating. 
Clear reading thermometer. 
Clean lines and smooth exterior. 


Separate three-heat switch for oven, 
grill and boiling plates. 


FOR TRADE TERMS & LITERATURE APPLY TO THE — | E 


ENGLISH ELECTRIC COMPANY LTD. 


DOMESTIC, HEATING « COOKING APPLIANCE WORKS, BRADFORD 
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IMPORTANT ADVANTAGES 
OF ELECTRICALLY WELDED 
TRANSFORMER TUBING! 


Concentric and uniform in gauge. 


The surface is exceptionally smooth 
and bright—there is no necessity 
to sandblast the inside. 


Light weight. Great strength. 


Easily manipulated, and supplied in 
round, oval and elliptical shapes. 


The photograph above (reproduced 
through the courtesy of the English 
Electric Co., Ltd., Stafford) shows 
Transformers in which our Elliptical 
Tubing has been used. 


TUBE PRODUCTS LTD. 


(INCORPORATING H. JOYCE & CO.) 
OLDBURY 


BIRMINGHAM 


T.P46 
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100 volts 6 amps. 


Decemter, 1933. 


The style R.G.C.8 Westinghouse Battery 
Charger is designed for charging large 
six- or twelve-volt batteries at a high 
rate. It will deal with a maximum of 
six 12-volt batteries at 6 amps. 


A single-circuit set, its output is 
regulated by two four-way tapping 
switches, and the charging current is 
indicated by means of the moving-coil 
ammeter mounted on the charger itself. 


The price of this compact charger is 
£25, and full details are given in 
“At the Correct Rate,’’ a copy of 
which will gladly be sent on request. 


battery chargers 


THE WESTINCHOUSE BRAKE & SAXBY SICNAL CO., LTD., 


82, York Road, King’s Cross, London, N.1. 


yy "@" Be 

4 

GA |WESTINGHOUSE|@ 


December, 1933. THE ENGLISH ELECTRIC JOURNAL Ill 


BRITISH 
|CANIT N { T 
A 
Round and Rectangular 
Micanite Tubes. 


MADE 


BUILT-UP MICA INSULATION 
iN EVERY FORM REQUIRED BY 
THE ELECTRICAL tNDUSTRY 


Commutator End Rings for Car 
Lighting ond Starting Sets and 
for Fractional H.P. Motors. 


Sheets 


in all qualities 
Rings 
Tubes 
Troughs 
Tapes, etc. 


Ceommutator Micanite Segment Separators and Heat Resisting iconite 
Plates for Electric Irons, Rheostats, etc. 

Micanite is manufactured at the Empire Works, Walthamstow, in every form 

required by the Electrical industry, including :— 

Commutator Micanite milled to close thickness limits in standard size sheets or as 

segment separators ready cut to size 

Hard Micanite Board for machining into washers, bases, etc 

Moulding Micanite in sheets for hot moulding into troughs and other shaped pieces 

Flexible Micanite which can be bent cold for armature slots, field coils, magnet cores, 

etc (a) in sheets without reinforcement (b) reinforced with paper 

Micanite Cloth and Micanite Silk in sheets and rolls, for slot insulation and as tape 

for armature and stator coils 

Micafolium. A thin shellac-treated paper base, on to which Mica Splittings are built 

for wrapping stator and armature bars 

Heat-Resisting Micanite for heater elements, such as electric irons and kettles, 

and for rheostat work 

Micanite Rings and Tubes, supplied as commutator end rings, stator tubes and slot 

linings of all shapes, bobbins and tubes of circular, oval or square section 

Micanite Washers, Discs, Plates and Machined Pieces 


THE MICANITE & INSULATORS 
COMPANY LIMITED 
| EMPIRE WORKS, BLACKHORSE LANE, WALTHAMSTOW, LONDON, E.17 
Electrical Insulation Engineers and Manufacturers 


X-Ray Examination of Micanite 
Sheets to Ensure Freedom from 
Metollic Particles. 


Micanit 
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PATENT AUTOMATIC 


B ROA | N 

ENSURE SAVE POUNDS A YEAR 

EASY 

STARTING — 
OF MOTORS 


\ 


IN CURRENT 
WITH 


REDUCED 
CONSUMPTION 
OF CURRENT 


NEW TECHNICAL CATALOGUE 
POST FREE. 


THOMAS BROADBENT 


& SONS, LTD. 
HUDDERSFIELD 


Telephone : Huddersfield 1581 (4 lines) 
Telegrams and Cables : Broadbent, Huddersfield 
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“ENGLISH ELECTRIC” FIRES 


FOR QUICK SALES 


PERMANENT VITREOUS ENAMEL FINISH 
TEN STANDARD COLOURS 


| 


3 kw. 36/- 


— 2 kw. 24/6 Write for full particulars and 
| kw. literature. 


THE ENGLISH ELECTRIC COMPANY LIMITED 
DOMESTIC, HEATING AND COOKING APPLIANCE WORKS, BRADFORD 


BEHIND THIS TRADE MARK LIE 
swayy 60 YEARS EXPERIENCE OF 
ELECTRICAL PORCELAINS 


Miles and miles of transmission line insulation carries this 
mark. It is moulded into thousands of heating and lighting 
accessories. Porcelains of all types are branded with it. 


Its success is built on a progressive experience. Years of 
experiment have taught us the highest standards of Strength, 
Accuracy and Economy in output. 


Porcelain is still the hardiest and safest insulating medium. ‘ TT.’ porcelain 
is, from every point of view, in the highest class. 


We make a complete range of porcelains for electrical use :— 


Overhead H.T. Insulators Refractories Porcelains ‘* Fish Spine” Beads 
Post Office Insulators Fire Bars for Accessories for bare wire 
Post Type Insulators of every kind insulation 


TAYLOR TUNNICLIFF PORCELAINS 


INSULATORS .. REFRACTORIES .. CHINAS .. BEADS 


TAYLOR TUNNICLIFF & CO., LTD.,110 CANNON ST., LONDON, E.C.4.—Teleph - Mansion House 7211 and 7212 
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“BAKELAQUE” INSULATION 


| BEST BRITISH MANUFACTURE. 


Highest Grade BAKELITE having LOWEST POWER 
Goss and the HIGHEST DIELECTRIC STRENGTH 
VALUES KNOWN. 

We have produced an improved Synthetic Resin at our Riverside Works, which 
we describe as Number F.818. Tests made September, 1932, by the Metropolitan- 


Vickers Research Department, Manchester, on tubes made up by them show the 
following result :— 


i} at 90° C. 
Wall In Oil at 25° C. In Oi! at 9 legit | ' 
1.D. Thickness. v/mil. k.¥. v/mil. 
TUBES ncKnNess 769 78 618 
1 0.126 97 S92 
2" 0.128 61 476 63 
Dielectric losses after soaking in oil for 2 days at 40° to 90° C. 
Results obtained at 90° C. asx 
Applied k.V. Stress. Capacitance m.m.f. one? S.1.K. 
1723 3.7 
10 1723 0.027 


We shall be pleased to receive enquiries for: 


VARNISH, VARNISHED PAPER, TUBES and SHEETS 


made up from above. 


We can supply your requirements immediately a 
from stock at the lowest possible prices. }} f / 
————Highest quality only.———— 


{ 
SHEETS SPECIALLY SHEARED FOR | | 
CUSTOMERS’ REQUIREMENTS DOWN TO 3", 


——“/ STEEL, PLAIN & CHEQUERED PLATES 
STEEL SECTIONS + IRON & STEEL 
/ MERCHANT BARS + FLITCH PLATES 
HOOPS, ETC. 


f womeer of sizes and large tonnages always in stock. 
MONTHLY STOCK LIST MAILED ON APPLICATION. 
HALL BROS (West Bromwich) 
EAGLE WORKS: GREETS GREEN 
=—— WEST BROMWICH 


CRtephone: No 
Tipton 16/1 (5 lines). 


Qelegrams Eagle, West Bromwich. 
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Vil 


OILS 


LUBRICATION 


AND 


INSULATION. 


COMPOUNDS. 


COMPOUNDS. 


LUBRICATING OILS AND GREASES (for Plant, 
Machinery and Transport of every description). 


TURBINE OILS. 

CRANK CHAMBER OILS. 
DIESEL ENGINE OILS. 
COMPRESSOR OILS. 
STEAM ENGINE OILS. 
MOTOR OILS, Etc., Etc. 


Contractors to The English Electric Co., Ltd., and Principal Government 
Departments, Railways, Municipal Authorities and Industrial Firms. 


“PENETROL” HEAVY INSULATING OILS 


“PENETROL” CABLE .IMPREGNATING OILS 


Silvertow icants 


MINOCO WHARF, 
WEST SILVERTOWN, LONDON, E.16. 


SLL 


TRANSFORMER AND SWITCH OILS (to B.S.S. 148/1933). 


AND 


AND 
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EK. N. MASON & SONS LIMITED 


THE MANUFACTURING DRAWING OFFICE STATIONERS 


THE “NEW CENTURY” CONTINUOUS 
PHOTO COPIER. 


OFFERS MAXIMUM ACCESSIBILITY, 


IN OPERATION. OPEN FOR INSPECTION. 


No. NC 36. 42" Single Lamp Model. 


The “ New Century” Continuous Photo Copier—the machine with a 
100 speeds—marks a new era of photo printing efficiency. It is designed 
essentially to meet the exacting requirements of the new dye line positive 
processes. 


‘New Century” machines are available in a full range of models, 
including Simplex and Independent Duplex machines as single or two 
lamp models. 


Ask us to send you a complete catalogue giving full particulars’ of the 
outstanding features of these new models. 


ARCLIGHT WORKS, COLCHESTER, ENGLAND. 


LONDON — BIRMINGHAM — MANCHESTER — NEWCASTLE.-ON.-TYNE 
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WEDNESFIELD, Nr. WOLVERHAMPTON 


Manubacturese of 


BLACK SHEETS, CLOSE ANNEALED SHEETS, 

CR. & CA. SHEETS, PATENT FLATTENED SHEETS, 

PICKLED SHEETS, PLATES, +” THICK & UNDER, 

CIRCLES, Etc. ALSO SPECIAL DEEP STAMPING 
& WELDING QUALITY. 


WEDNESFIELD STEEL CO., MIDLAND SHEET CO., — 
WEDNESFIELD, Nr. WOLVERHAMPTON. BRICKHOUSE WORKS, WEST BROMWICH. 
Phone: FALLINGS PARK 31375. Phone: TIPTON 1530. 


PACKINGS 
JOINTINGS 


RUBBER our own 


ED y Adm yralty 
Walker Mech a repy 
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ENQUIRIES INVITED. 


Write for Catalogue No. 395 to :— 


JAMES WALKER Co., ~ 


“LION” WORKS, WOKING, SURREY. 
PHONE: WOKING 1040. GRAMS: LIONCELLE. 
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enanuracture 
Universal? popular for Man- 
pole and Mudhole Doors» 
etc: Many ehousands sup- 
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lighting 
USE 


THE POPULAR 


SIEMENS 


PEARL OR OPAL LAMPS 


For light without glare. 


SOMETHING NEW! 


a SIEMENS oe The Neonic Lamp is of tubular shape 


LAMP SIGNS 


and contains up to a maximum of 
10 bold and clear cut letters, which 
are sealed inside the glass bulb, 
and when on circuit the lettering 
is featured boldly in the character- 
. istic orange-red glow associated 
are arresting as with Neon gas. Attractive housings 


have been specially designed to 


directional or accommodate 1, 2, 3 or 4 lamps. 


ee ‘ Write for leaflet No. 543. 
advertising signs 


BRITISH MADE 


Oat SIEMENS ELECTRIC LAMPS AND SUPPLIES LIMITED.38/39,Upper Thames Street. London, E:C-4- 
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EDITORIAL. 

It will be noted that the greater part 
of this issue of the Journal has been 
devoted toan article by Mr. J. E. Calverley 
on the principles involved in the Grid 
Control of Mercury-Arc Rectifiers. Grid 
Control has extended very greatly the 
field of application of the rectifier, and we 
direct our readers’ attention to the many 
possibilities briefly referred to towards 
the conclusion of the article. 


The Company is exceptionally well 
placed in being able to incorporate in its 
rectifiers the very latest developments, 
having at its disposal the resources of a 
large research organisation. 


The article is introductory to other 
articles that we contemplate for future 
issues of the Journal. These will deal 
with various special features of Rectifier 
work, as for instance, a method of control 
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for Railway systems on which regenera- 
tive working is required, and will also 
include descriptions of plants that have 
been installed and are in operation. We 
trust that the articles as a whole will be 
of considerable interest at the present 
time when Mercury Arc Rectifiers are so 
much to the fore, and development work 
in this field is proceeding so rapidly. 


The concluding article describes the 
new 200 h.p. Diesel-Electric Rail Coach 
for branch line working that the Com- 
pany has recently designed and _ built. 
The coach was first tried out on the 
Company’s test track at Preston, and 
since then, thanks to the courtesy and 


Contract for Turbo-Alternator Plant. 


In connection with the large extensions which 
are now being made to Messrs. Edward Lloyd’s 
Kemsley Paper Mills, the Company have been 
awarded contracts for three Turbo-Alternator 
Sets, comprising :—A_ 15,000 kW. two-cylinder, 
3,000 r.p.m., Pass-out Turbine, believed to be the 
largest machine of this type yet to be constructed 
in this country. It will generate power and 
supply process steam up to 240,000 Ibs. of steam 
per hour at a pressure of 20-30 lbs. per sq. inch 
gauge, to the largest newsprint machine in 
course of construction. 

A 500 kW. Pass-out Single Cylinder Turbine at 
3,000 r.p.m. to pass out up to 150,000 Ibs. of 
steam per hour, at a pressure of 20-30 Ibs. per 
sq. inch gauge. 
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co-operation of the L.M.S. Railway, it 
has been run under service conditions on 
the Warwick/ Northampton branch and on 
the Watford/St. Albans line, where it is 
at present in service. 


The English Electric Company has 
had many years’ experience of vehicles 
with internal combustion engines, and 
these vehicles are in service in many 
parts of the world. 


The new Rail Coach has been designed, 
built, and equipped entirely in the 
Company’s own Works, the coach and 
bogies coming from Preston, the engine 
from Rugby and the electrical equipment 
from the Bradford Works. 


The alternators for the two above-mentioned 
sets will generate power at 6,600 volts, 50 cycles, 
3-phase. 

Also a 750 kW. Single Cylinder Geared House 
Set, running at 7,000 r.p.m., the alternator being 
geared down to 1,500 r.p.m. and generating 
power at 430 volts, 50 cycles, 3-phase. 


British Industries Fair, Birmingham. 
February 19th to March 2nd, 1934. 


A cordial invitation is extended to all our 
readers to visit the Company’s stand, No. E.311, 
in the Electrical Section of the Fair. Exhibits 
will include a wide range of industrial fuse gear, 
domestic, heating and cooking appliances, in- 
cluding electric fires, cookers, water heaters, and 
A.C, and D.C. Fractional H.P. Motors. 
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The Grid-Controlled Mercury-Arc Rectifier 
and 
The Principles Involved. 


Reprint of a Paper read on the 5th December, 1933, before the Institution of 
Electrical Engineers, East Midland Centre. 


By J. E. CALVERLEY, M.I.E.E., Chief D.C. Designer. 


The general principles underlying the operation 
of the mercury-are rectifier are now becoming 
well understood by engineers, and developments 
in rectifier construction‘and control are taking 
place with amazing rapidity. The most important 
development lies in the control of the are discharge 
by polarised grids in the are path. It has given 
rectifiers many new possibilities, and opened up 
fields for their application which were previously 
closed to plant of this type. 

Until quite recently the rectifier was little more 
than a switch connecting the phases of the trans- 
former in circuit with the D.C. load in their 
correct sequence, when their voltage waves were 
near the peak and of the correct polarity. It 
could offer no control of the current flow or 
voltage. Polarised grids have eliminated these 
disadvantages and endowed the rectifier with 
control of the voltage by introducing only one 
additional feature—the possibility of igniting the 
are at any required point in the voltage cycle. 

An alternating current wave offers all values 
of voltage from zero to its maximum in each 
direction as it passes through its cycle, and the 
rectifier is enabled to select any part of the wave 
and include it in the D.C. circuit. 

In a rectifier of normal construction without 
polarised grids, the commutation of the current 
takes place naturally from anode to anode, as 
determined by the sequence of the phases. The 
are will exist only on the anode or anodes, which 
are at a potential slightly above the cathode 
potential. The difference in these potentials is 
the internal voltage drop in the rectifier, and 
varies from about 15 volts on a small glass bulb 
to over 30 volts on the largest steel-tank unit. 
The are consists largely of electrons, which, being 
of negative polarity, travel in the direction from 


negative to positive along the di-electric field. 
It is the action of these minute charges 629 x 1016 
per second of which are required to make up 
| ampere, which gives the are its rectifying 
properties. 

In dealing with rectifier problems it must be 
kept clearly in mind that the movements of 
electrons is in the opposite sense to the accepted 
direction of the current flow. 

When the rectifier is in operation, the cathode 
emits enormous quantities of electrons, and 
others are produced from the mercury atoms by 
collision. They stream along the di-electric 
fields in the vacuum chamber towards any part 
which is at positive potential, and which can 
absorb them. <A part which absorbs electrons 
acquires a charge, and if this can be carried away 
by current to an external circuit, electrons will 
continue to flow at a rate which leaves the part 
or anode at a potential just sufficient to maintain 
their flow from the cathode. If the circuit is 
interrupted, electrons will be absorbed until the 
anode is charged to the same potential as the 
cathode, and the are will be discontinued. On 
the other hand, surfaces of negative potential 
repel the electron stream, and in these phenomena 
resides the valve action of the rectifier. 

At the cathode surface the electrons receive 
their freedom of movement, and this is the datum 
line of potential on which all voltage relations in 
the rectifier are founded. 

Fig. 1 shows in diagram form the potential 
distribution in the rectifier and its external circuit 
for a 6-phase unit delivering its output at 100 
volts D.C. with 25 volts are drop. This would be 
inefficient, but the values chosen provide a good 
diagram. It will be noted that the average anode 
positive potential is very close to the peak value 
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of the anode voltages, and the 
cathode potential is slightly 
lower. Consequently, elec- 
trons are repelled from all 
the anodes except those which 
are near the peak of their 
positive half cycle. All those 
anodes which at any instant 
are below the datum line of 
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URRENT 


cathode potential, repel the 
arc, and it is immaterial 
whether they are momen- 
tarily on their positive or 
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negative half cycles. As the ei 


voltage of the anode rises 


above cathode potential, the exes 
are is formed on it or trans- 
ferred from the last anode in 


ci 
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the sequence, the potential of 


which is falling below that of Fig. 1. Voltage Distribution in Rectifier and its External Circuit 


the cathode. The whole 

operation of the arc is, therefore, determined by 
the potential of the cathode relative to all other 
conducting parts of the circuit. This conception 


Fig. 2. Glass Bulb Rectifier with Control Grids. 


during Rectification. 


of the conditions which govern commutation or 
are transfer, though generally correct, is very 
imperfect, because it ignores the effect of positive 
ions, but is sufficiently complete to enable us to 
study the action of the control grids. 

In service the anodes are never more than 15 to 
40 volts positive relative to the cathode, and this 
E.M.F. provides a di-electric field of sufficient 
intensity to build up and maintain the are. The 
length of the are varies with the size and voltage 
of the unit and in some cases has a length of 40 
to 50 inches. A good vacuum is necessary to 
allow the electrons free motion, or, in other words, 
to maintain the are drop at a reasonable value. 
Of the total arc drop 3 to 5 volts are lost at the 
surface of the anode, and about 7 to 10 volts are 
lost on the surface of the mercury cathode, the 
remainder of the loss, say, 5 to 15 volts, is 
expended in the are; a small portion of the 
voltage loss provides the energy to commutate 
the arc from anode to anode. These figures give 
an indication of the comparatively weak di-electric 
field which is necessary for the control of the arc, 
and it will be obvious that counter-fields or cross- 


fields can be superimposed for control purposes . 


with the aid of comparatively small voltages and 
very little loss of energy. If the anode is enclosed 
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in a screen or grating, commonly 
called a “ grid,” in such a way 
that the are, when formed, must 
pass through its meshes, it can 
be used to mask the anode 
potential and impose its voltage 
on the di-electric field along the 
are path. The grid is usually 
situated comparatively close to 
the anode, is insulated from it 
and from the remainder of the structure, and 
provided with leads brought out of the vacuum 
vessel through appropriate seals. 

If we assume for the moment that the grid is 
connected to the cathode through a_ high 
resistance, it will be obvious that no potential 
will exist between these two surfaces, and that 
an are will be unable to form, as there will be no 
di-electric field to propel the electrons from 
cathode to anode. Under these conditions the 
rectifier will be entirely non-conducting. 

In practice the grid is made to repel the are 
during the impermeable period, and for this 


Fig. 2a. Glass Bulb Rectifier Cubicle. 


Fig. 3. Anode Arm showing Control Grid. 


purpose is given a negative potential relative to 
the cathode, with the aid of a battery or small 
rectifier. The grid requires very little power to 
charge it up to any required potential, and the 
charging current is of the order of a few milli- 
amperes. The value of the grid voltage used for 
this purpose is not critical, but to ensure effective 
blocking, a voltage several times that of the are 
drop is generally used, the value varying from 
25 to 250 volts, depending upon the size and 
voltage rating of the rectifier itself. 


From the foregoing it will be appreciated that 
whilst the grid retains its negative potential 
relative to the cathode an are will not form, but 
if the negative potential is removed, the rectifier 
will behave exactly as if the grid were not there, 
and the are will commutate naturally. To ensure 
instantaneous starting of the are at any instant 
other than the natural one, the grid must be given 
positive polarity, and for control purposes the 
instant at which this changeover takes place must 
be predetermined. If all other conditions are 
favourable, the are will ignite immediately, and 
the grid will then lose its influence and take up 
the potential imposed upon it by its position in 
the arc. If we try to give it a negative potential 
whilst the are exists, the grid will merely attract 
positive ions (which are present in large numbers 
in the are stream) sufficient to neutralize the 
applied potential and render it ineffective. 
Actually the negative field of the grid becomes 
totally screened off by a very thin layer of 
positive ions, which prevent the grid from exerting 
any influence on the electrons in the discharge 
path ; therefore it is only possible to control the 
grid potential by external means during the 
non-conducting period of the anode. 
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The grids can, therefore, be used not only to 
prevent the arcs from starting but to start the 
ares at any required instant, but once the arc has 
formed we have no further control over it on the 
anode in question. It will continue to burn until 
it is transferred to the next anode by commuta- 
tion or until there is not sufficient potential left 
to maintain it. The grid on the next anode in 
the sequence, however, will determine the point 
at which its own anode takes up the load and the 
arc is transferred, with the result that grid control 
does, in effect, provide for both starting and 
stopping the are of each anode. 

ARRANGEMENT OF GRIDS AND THEIR EFFECT ON 
THE RECTIFIER RATING. 

The grid-controlled rectifier differs only from 
its prototype in the arrangement of the arc guides 
and the inclusion of the control grids and their 
connections. Greater security of operation is 
attained, and the biassing potential introduces 
additional safeguards against backfire, together 
with rapid suppression H it does occur. De- 
ionisation is carried out more completely and in 
shorter time by the additional collecting surface 
of the grid and its connections through the control 
gear to the cathode, with the result that a 
standard rectifier, when fitted with control grids, 
will deliver a larger current output. The more 
rapid de-ionisation calls for increased excitation 
to maintain stability at light loads. 

Fig. 2showsa300-ampere glass bulb rectifier with 
control grids, while details of the anode and grid 
are given in Fig. 3. A steel-tank rectifier differs, 
of course, in constructional details, see Fig. 4—a 
sectional drawing of a 2,500-ampere unit. An 
anode plate lifted from the vacuum vessel is 
illustrated in Fig. 5, while Fig. 6 shows a com- 
plete rectifier. A graphite block forming the 
anode is situated in the upper part of the are 
guide, as shown in the sectional drawing. The 
are will exist down the centre of the guide and 
must pass through the meshes of the grid. Usually 
there are one or more other grids of an open nature 
in close proximity to the control grid, which are 
necessary for de-ionisation of the are path during 
the impermeable period. These, however, are 
not always insulated, but may form part of the 
are guide itself, 
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During operation the grid potential approxi- 
mates to that of the cathode, and on the peak of 
the negative voltage of the anode the space 
between anode and grid must withstand twice 
the D.C. voltage of the rectifier. 

In high voltage rectifiers the voltage stress per 
unit length in the space between anode and grid 
may reach values as high as 5,000 volts per inch, 
and unless complete de-ionisation of the space is 
achieved, positive ions will be accelerated on 
to the anode and a backfire may result. Careful 
design coupled with research and experiment 
relating to the conditions in this space have 
resulted in the construction of rectifiers for 
voltages up to 30,000 and now rectifiers with a 
voltage of 50,000 appear possible. 

In dealing with D.C. voltages in the industrial 
range, and especially the lower values, where the 
arc drop is an appreciable percentage, it is 
desirable that the cathode spot should be limited 
in its movements. A steel-tank rectifier to deliver 
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Fig. 4. Section through an * English Electric” grid- 
controlled steel-tank mercury arc-rectifier rated at 2,500 
amperes at D.C. pressures up to 800 volts. 
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Fig. 5. Top plate of Vacuum Chamber with complete Anede 


Assembly and Vapour Cooler. 


4,000 amperes, has an area of over 300 square 
inches of mercury surface, and the cathode spot 
wanders at random over the whole of this surface. 
The actual length of the are, therefore, varies to 
some extent with the position of the cathode spot, 
and the are drop will vary with it, rendering the 
value of the regulation not quite as definite as 
could be desired, especially if soft control is used. 
It is therefore good practice to limit the movement 
of the cathode spot with the aid of some special 
arrangement in the mercury. 


THe RECTIFIER SWITCH. 


The are which forms the conducting medium 
for the current from the transformer phases to the 
D.C. load is extremely mobile, and now with the 
aid of control grids can be dispersed rapidly, 
causing the circuit to be made discontinuous 
without actual mechanical rupture. When the 
grids have become polarised negatively, and 
de-ionisation has taken place, the resistance of 
the circuit through the rectifier is infinite, and it 


Fig. 6. 
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will withstand an E.M.F. of many 
times the working value. Though 
it is not possible to influence the 
are at the anode on which it is 
burning, the next anode can be 
prevented from taking it over by 
applying the negative bias. If all 
the grids are energised instan- 
taneously, commutation of the are 
will cease, and the voltage at the 
cathode will fall away to zero, 
following closely the decreasing 
voltage on the anode. The load 
being no longer energised, the 
cathode gradually takes up the 
negative potential of the circuit 
and becomes dead. Any reactive 
energy in the circuit, such as will 
exist when switching off a short 
circuit or heavy fault will be 
dissipated in the rectifier itself, 
where it cannot burn or destroy 
any contacts or surfaces. The 
heat equivalent of this energy will 
be absorbed by evaporating 
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mercury, which is again quickly condensed and 
returned to the cathode, the heat being carried 
away in the water or other cooling medium. 

Fig. 7 shows in diagram form a scheme of con- 
nections for this purpose. The high-speed relay 
may be energised either from the A.C. or D.C. 
systems connected to the rectifier, and it may 
either close on rate of change of current or at a 
predetermined current value. 

Fig. 8 illustrates the rapidity with which this 
protection can operate on a short circuit. A 
rectifier delivering 2,340 amperes at 795 volts 
was used for this test, and the are was cleared 
in .02 second. A high-speed relay so arranged and 
operating from the A.C. side, will enable the 
rectifier to protect itself and its transformer 
against its own misdeeds, and interrupt a backfire 
so quickly that there is no evidence of it having 
occurred. Though backfires are now very rare in 
modern well-designed rectifiers operating within 
their rated load, conditions which cause a backfire, 
such as excessive overloads, may arise from time 
to time ; grid-controlled switching can clear them 
immediately, even when other plant is running 
in parallel. This protection is very valuable, and 
eliminates the reverse current circuit breaker, 
which is much more expensive to install and 
maintain. 

For traction systems this form of protection 
can be arranged to operate only on a backfire or 
a very high overload, with a result that a fault 
on the track which is cleared by a circuit breaker 
on the feeder concerned does not operate the grid 
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Fig. 8. Oscillogram illustrating Rapidity of Interruption 
by Grid Control. 


Fig. 7. Interruption of Current by Grid Excitation. 


biassing relay, but if the fault is such as to cause a 
heavy overload on the rectifier itself, the grid bias 
can be applied whilst the circuit breaker is 
opening. Being very much quicker than the oil 
switch on the A.C. side, it will considerably reduce 
the shock to the transformer and the whole of 
the A.C. system. Where it is advisable the relay 
can be arranged to re-set itself very quickly, and 
allow the rectifier to carry on with its normal 
duties, only locking the rectifier out after reclosing 
two or three times and finding the fault. still 
persisting. The supply of power to the substation 
busbars need not be cut off for more than about 
1/10th to 1/4th of a second at a time, and the 
interruption will be scarcely noticed in practice. 
Switching of power by means of the grids is a very 
valuable new feature, and may well have a great 
influence on the development of rectifiers for very 
high D.C. voltages. 


VoLTAGE REGULATION. 
Voltage regulation by polarised grids is based 
on the fundamental consideration that the 
average value of the rectified voltage depends 
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upon the phase position in the positive half cycle 
of anode voltage at which the are is commutated 
from one anode to the next. The later this phase 
position the lower is the average D.C. output 
voltage from the rectifier, as may be seen from 
Fig. 9. This diagram shows a theoretical wave 
form of voltage, but in practice sufficient induct- 
ance is included in the D.C. circuit to smooth out 
the wave form at the busbars to values which are 
comparable with those of the best rotating 
machines. 

It is possible to regulate the voltage from the 
full voltage as determined by the transformer 
windings down to zero, and this range involves an 
angular displacement of commutation through 
120°. Extending this range beyond the zero 
voltage point and into the negative half period 
of the anode results in complete switching off of 
the voltage, a voltmeter will give no reading 
whatever, and the rectifier becomes completely 
non-conducting. 

Downward voltage adjustment does not appre- 
ciably affect the fall of D.C. volts from no load to 
full load, and the regulation curves are practically 
parallel over the whole range. In other words, 
the drop in the D.C. terminal volts remains the 
same in value, and the percentage regulation is 
inversely proportional to the ratio of no load 
voltage to the maximum voltage. 

The range of voltage adjustment is greater than 
can be obtained from any rotating machine except 
the compensated D.C. generator, and complete 
stability is provided under all conditions. By 
virtue of its control grids the mercury-are rectifier 
can supply any machine or apparatus requiring 
variable D.C. voltage, whilst itself connected to 
an A.C. supply of constant voltage and frequency. 
It provides a simple means of controlling the 
speed of D.C. motors fed from an A.C. system, 
and can give traction rectifiers a level compound 
or overcompound characteristic. The apparatus 
is simple and small and lends itself to automatic 
control with the use of equipment of an entirely 
static nature. 

INVERSION OF DriRECT TO ALTERNATING 
CURRENT. 

Inverted running naturally implies the existence 

of machinery in the D.C. circuit having a back 
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Fig. 9. Variation of average D.C. voltage with Phase 
Angle of Anode Commutation. 


E.M.F. and capable of maintaining a voltage at 
the rectifier terminals for some appreciable period. 
A feed back of power can be obtained if the 
average D.C. voltage of the rectifier is lower than 
the busbar volts, and the grid control adjusted to 
ignite the are during the reverse polarity of the 
anodes. 

Fig. 10 shows the voltage conditions in the 
rectifier and its external circuit during regenera- 
tion. The anode voltage must be rising towards 
its maximum negative value when the arc is 
ignited, and the peak value must be greater than 
the D.C. voltage, in order that the arc may be 
extinguished. The connections to the D.C. load 
must, of course, be reversed, as it is fundamental 
that the current should flow through the rectifier 
in the normal direction. The are is maintained 
by the D.C. system, the voltage of which provides 
the are drop, and also overcomes the transformer 
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E.M.F. In the transformer 
windings the currents will flow in Ms pat 
opposition to the alternating 3° 1 
E.M.F.’s, which, in fact, now a 3 
become the back E.M.F.’s of the 3 
system. The diagram is drawn 
to conform to the same con- 
ditions as Fig. 1, which applies Rs 
to a rectifier of 100 volts. All ** 
A.C, E.M.F.’s being now back “I 


E.M.F.’s are given negative 
polarity, and the connections to 
the load are reversed. Operation 


COMMUTATION 
Dre 


ABOUT 6ECOND 


of the are is maintained as in 


rectification by the cathode being 


more negative than the anodes, 


a condition which is equivalent 


ALB] cl oj F 


to the anodes being positive 
relative to the cathode. The 


Quioranry 
Conrmo. 


assumed are drop of 25 volts 
leaves the average anode poten- 
tial 75 volts negative. 

The grid impulse for anode F is given at X, but 
the are is not immediately transferred to it from 
anode E. A period of about one-thousandth of a 
second is required for commutation and de-ionisa- 
tion, with the result that both anodes E and F are 
in operation over the period YZ. At W, anode E 
becomes more negative than the cathode, and 
the are tends to be extinguished, but inductance 
carries it on to Y, where F begins to take it over 
and carries it completely at Z. Anode E must 
then be blocked by the grid-bias to prevent 
re-ignition at V, where it again becomes more 
positive than the cathode. If re-ignition were not 
prevented a short circuit would develop as the 
transformer negative voltage declined and 
changed to positive, adding its voltage in series 
with the load. 

A grid impulse starts the are at each anode, it 
is extinguished by the peak of the A.C. wave, and 
the control grids then prevent re-ignition until 
the correct instant of the next negative half cycle. 
It is evident that inverted running of a rectifier 
would be quite impossible without the control of 
the arc, which is provided by the polarised grids. 
These necessary conditions are normally complied 
with by standard grid control apparatus which is 


Fig. 10. 


Voltage Distribution in Rectifier and external circuit 
during Regeneration. 


suitable for rectification and able to give the grid 
impulses in the third vector quadrant. 

The voltage drop in an inverted rectifier agrees 
closely with the values which apply to the unit 
when acting as a rectifier. The loss in volts on 
load is the same, and bears the same relation to 
the D.C. current. It is not dependent on the 
D.C. volts applied to its terminals or variations in 
the instant of ignition. 

If the load consists of a motor which is being 
retarded, its voltage will be falling steadily as its 
speed decreases, and it is possible to follow this 
up by grid control of the rectifier, so that a steady 
current can be obtained down to zero voltage. 
With the aid of the control grids, the machine 
can be brought to a standstill. It is 
essential that the A.C. system should be main- 
tained alive from some other source, as the 
rectifier is unable to deliver a magnetising current 
to the A.C. side, and, in addition, alternation of 
the transformer voltage is needed to provide for 
commutation of the are. 


Harp AND Sort ContTROL. 


We have noted that the formation of the are 
may be prevented or delayed by a negative 


q 
( 
177 
Anooe CURRENTS 
: i 
z 
A ule 
= 
i}! 
--4- 1” ~ Poventiac” ~~ 
D Ye 
| 
| 
| | 
_ 
Ba? 


THE ENGLISH ELECTRIC JOURNAL 


Loao Ianition Line 
No Loao Ianition Line 


Bias 


ANODE VOLTAGE 


Fig. 11. Soft Control by Sine Wave. 


potential on the grid, and that provided the anode 
is positive the change of the grid polarisation will 


cause the arc to start. 


In practice this change 


may take place gradually, as on the slope of a 
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Hard Control by Impulse. 


sine wave, or it may be caused by a sudden 


impulse. 


Fig. 11 shows the two methods of excitation 


which have been termed 
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Fig. 12. 
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‘soft’ and “hard” 
control respectively. 

With “hard” or “impulse” 
excitation the applied voltage 
cap be made sufficiently high to 
determine the ignition point in 
spite of variations which may 
occur in the condition of the 
rectifier, and this type of control 
is, therefore, much more definite 
and precise in its operation. 

Fig. 12 shows the variations 
which can take place in the point 
of ignition, due to the variation 
in the are drop, and also due to 
the variations in temperature of 
the rectifier. The diagrams refer 
to a 500-volt rectifier having an 
are drop which varies from about 
17 volts at 1/4 load to 30 
volts at 25 per cent. overload, 
and the projection of these values 
on to the sine wave of grid 
potential shows that a variation 
in the ignition point of 15° will 
The later ignition with 
causes a_ re- 


result. 


increasing load 


duction in rectifier voltage of as 
much as 4 per cent., in addition 
to the normal regulation which 
chiefly by 


is determined 
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transformer reactance and C.R. drop. Similar 
variations can take place due to temperature 
conditions, as shown in the bottom diagram 
of this figure. These diagrams are sufficient 
to show that “‘soft’’ control is only approximate, 
but that in practice it adversely affects the 
voltage regulation. It will also be appreciated 
that if the wave form of the grid potential varies 
slightly, it may cause further irregularities of the 
voltage control. None of these disadvantages are 
present when the “impulse” type of ignition is 
used, because the voltage impulse can be suffi- 
ciently high to ignite the rectifier at the correct 
instant in spite of variations in the are drop and 
temperature. 


METHODS OF POLARISING THE GRIDS. 
(1) Soft Methods.—These can be sub-divided 
into :— 
(a) Sine Wave. 
(6) Inclined Potential. 
(2) Hard or Impulse Methods include the 
following :— 
(c) Synchronous Contact. 
(d) Saturation Transformer. 


(a) Sine Wave Control. 


The sine method is probably the best known 
and most used, but its limitations and defects are 
now becoming more evident. 


With this scheme the grids are usually main- 
tained at a negative potential relative to the 
cathode by means of a battery or small metal 
rectifier. The positive periods are provided by a 
small transformer or induction regulator, 
delivering a sine wave of E.M.F., the peak value 
of which is greater than the grid-bias, with the 
result that the peak of the positive half wave 
reverses the polarity of the grid potential to a 
value which crosses the ignition line, and so 
decides the instant of formation of the are. The 
ignition point can be shifted by varying the value 
of the grid bias, by varying the peak value of the 
control voltage, or shifting the grid voltage in 
phase relative to the anode voltage. All these 
alternatives suffer from the same defects, which 
are inseparable from soft control. 
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Fig. 13. Inclined Potential Control. 


(b) Inclined Potential Method. 

In this scheme (Fig. 13) the grids are given 
their negative potential by the main transformer 
windings, with the aid of a condenser connecting 
them to the neutral point or negative terminal. 
A metal rectifier is used to prevent the flow of 
charging current to the grid during the positive 
half cycle. This connection itself would maintain 
the grids at a negative potential, but a variable 
resistance in parallel with the condenser allows 
the charge to leak away during the positive half 
cycle of the anode, and the grid potential gradually 
changes its state and becomes more positive. The 
potential of the cathode can be considered as 
following the potential of the anode, which is 
burning at the instant considered, and the point 
on the inclined potential line where it intersects 
the voltage curve of this anode, determines the 
instant of ignition and commutation of the arc. 
A variation of this system is illustrated by Fig. 14, 
and this gives good results for small units. In 
this case the biassing voltage is positive, and the 
inclined potential curve of the grid crosses the 
line of ignition voltage at an instant which is 
determined by the voltage setting on the regu- 
lating potentiometer. The greater the positive 
bias the higher the voltage delivered by the 
rectifier, 
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(c) Synchronous Contact System. if 


This system makes use of a 
rotating contact driven by a 
synchronous motor, and is shown 
diagrammatically in Fig. 15. 
The grids are given negative bias 


METAL 


by one of the usual methods, 


and their potential is changed 
to positive in correct sequence 
by a rotating brush passing 


over the contacts on a stationary 
disc. To advance or retard the 
ignition point, the dise carrying 
the contacts mayebe displaced 
by hand or automatic means. 
An alternative arrangement, 
which is purely electrical, makes 
use of shifting the effective flux 
relative to the centre line of the poles in the rotor 
of the synchronous motor. For this purpose the 
synchronous motor field is provided with two 
windings situated at right angles to one another, 
and by strengthening or weakening one or other 
of these, the rotor can be advanced or retarded, 
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Fig. 14. 
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This 


relative to the rotating field of the stator. 
method is in use on a large number of installa- 
tions, and for many large rectifiers of the steel- 
tank type. 
Fig. 16 shows a synchronous contact apparatus 
for compounding a 500 kW. rectifier from 450 to 
500 volts. In this case the dise 
is advanced to give earlier igni- 
tion as the D.C. current output 
increases, with the aid of a small 
motor coupled by worm gear to 
the dise, and controlled by a 
compounding relay. 


(d) Saturated Transformer Control. 


A static method of control 


which is now used by the English 
Electrie Company makes use of 


a small highly saturated trans- 
former for impulsing the grid. 
One transformer is used for each 
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Fig. 15. 


Equipment for Controlling Grid Excitation of Variable-voltage 


SYNCHRONOUS MOTOR 


anode, see Fig. 16. These small 
have 
circuits of high permeability 
material, and are each provided 
with two exciting windings, one 
of them being connected in star 
and the other in delta. One 
secondary winding is provided 
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Fig. 16. Synchronous Control Gear. 


and connected in circuit with the grid-bias and 
the anode grids. 

The back E.M.F. in the magnetising coils is 
negligible, and the ampere turns are determined 
by the value of the resistance in each circuit. 
Due to the high saturation in the transformers, 
flat topped waves of flux are induced; conse- 
quently there is no rate of change of flux and 
no E.M.F. induced in the .coils, except at the 
instant when the resultant ampere turns pass 
through zero. The sudden reversal of the flux 
at this instant induces a peak of voltage, having 
a duration of about 10°, and these positive peaks 
superimposed on the negative grid-bias are 
sufficient to ignite the are. The A.C. ampere 
turns on one limb of each transformer are usually 
of constant value, and the other ampere turns 
150° out-of-phase are varied by adjusting the 
resistance in series with them at their star point. 
By this means the phase angle of the resultant 
ampere turns and flux can be changed and the 
instant of ignition can be adjusted, giving simple 
and reliable “hard” control of the rectifier. 
Saturation transformer type of control lends 
itself readily to automatic working and com- 
pounding by the D.C. current. It gives instanta- 
neous adjustment of voltage without the time lag 
inseparable from mechanical movements. 

The arrangement adopted for compounding is 
shown in Fig. 17, and further illustrated in 
Fig. 18. In this case the variable ampere turns 
of each impulse transformer are determined by 
choke coils which are given D.C. saturation from 
the source of potential which provides the grid- 
bias. The compounding coils which measure the 
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direct current output are fed 
from a divertor in the D.C. 
power circuit, and reduce the 
saturation as the load increases. 
The impedance of the choking 
coil, therefore, decreases with 
increasing D.C. load, and the 
variable ampere turns on the 
impulse transformers are weak- 
ened, causing the impulses to 
move back and ignite the arc 
earlier. ideal 
for compounding a traction or 
other load, as it is instantaneous in its action, 
and no parts require a mechanical movement. 
Load sharing of any number of rectifiers is assured 
by the use of an equaliser connection, as in a 
D.C. machine or rotary converter. The divertor 
resistance in the D.C. circuit is little more than 
an ammeter shunt and consumes negligible power. 


This scheme is 


RIPPLES AND SMOOTHING. 
The D.C. voltage delivered by a rectifier is not 
perfectly uniform, but contains ripples or har- 
monics superimposed on its mean value. The 
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Fig. 18. Saturated Transformer Control with Compounding. 


amplitudes of these various harmonics are deter- 
mined chiefly by the transformer reactance, and 
the frequencies which exist are usually multiples 
of the number of rectifier phases and the 
periodicity of the A.C. system. 

A rectifier without grid control or one with 
such control but operating at its full voltage at 
50 cycles impresses ripples of 300, 600, 900 and 
1,200 cycles on its D.C. wave form, together with 
higher frequencies which are of insignificant 
amplitude. For a 6-phase rectifier running on 
50 cycles and on no-load, these ripples have 
r.m.s. values of approximately 4 per cent., 
+ of 1 percent., and a} of 1 per cent. respectively. 

Fig. 19 shows the D.C. voltage wave and 
current given by a 6-phase rectifier of 300 volts, 
with the voltage reduced to 266 by grid control. 
The voltage wave follows closely the shape of the 
anode wave, and the current is undulating. 
Inductance in the D.C. circuit reduces the ampli- 
tude of each harmonic, and it is usual to include 
a cathode choke or smoothing reactor in the 
rectifier outfit for this purpose. The effect of the 
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-athode choke is shown in Fig. 20, and it will be 
noted that considerable improvement has taken 
place. The values of all the harmonics can be 
evaluated in sine terms for the different fre- 
quencies, and over the whole range of voltage 
regulation from the maximum to zero and for any 
number of rectifier phases. A typical range of 
curves connecting the output voltage with the 
amplitude of each harmonic up to 48 times the 
supply frequency is given in Fig. 21 for a 6-phase 
rectifier. It will be noted that when the D.C. 
voltage is reduced to 80 per cent. of its maximum 
value, the harmonic with the largest amplitude 
which corresponds with 300 cycles has its r.m.s. 
value increased from 4 per cent. to 14 per cent., 
and the higher harmonics have increased in 
similar proportion. Some of those which were 
insignificant when the rectifier was delivering its 
maximum voltage may now become of import- 
ance and capable of causing interference in 
communication circuits. 

A cathode choke will not deal effectively with 
the ripple voltages under all conditions of load. 
The cathode choke is, in effect, an A.C. choke 
operating at the ripple frequencies, and is mag- 
netised by the D.C. load. Its smoothing effect, 
therefore, decreases as the D.C. load decreases. 
Since the effective resistance of the D.C. system 
increases with decreasing load, it is necessary 
to provide paths of low impedance to the residual 
harmonies if the same degree of smoothing is to 
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be maintained at small loads. This is accom- 
plished by providing a shunt circuit consisting 
of a reactor and a condenser tuned for resonance 
at the frequency of the ripple. The limiting 
impedance at resonance is the ohmic resistance 
of the shunt, and this is designed to pass the 
residual harmonic current, which would otherwise 
flow into the D.C. system. A cathode choke 
having a certain inductance will, therefore, 
produce a greater degree of smoothing if tuned 
shunt circuits are present, and, moreover, this 
degree of smoothing is maintained down to very 
low loads. Apparatus of this kind can be provided 
to reduce the amplitude of any or all the har- 
monics to any required degree. The results 
obtained by the use of a good smoothing system 
are illustrated in Fig. 22, which, like Fig. 19 and 
Fig. 20, shows the voltage wave before smoothing 
and after smoothing, and the current delivered 
from a 300-volt 6-phase rectifier operating at 
about 86 per cent. of its maximum D.C. voltage. 
One tuned shunt circuit is required for each 
frequency, together with the series reactor or 
cathode choke. 


In practice either two or four of these circuits 
are usually provided for dealing with the 300 and 
600-cycle ripples or the range of frequencies from 
300 cycles to 1,200 cycles respectively in the case 
of a rectifier without grid control. Four resonant 
shunts will usually be satisfactory in connection 
with a grid-controlled rectifier, which has its 
voltage compounded to the extent of 10 per cent. 
by means of the control grids, but in cases where 
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Fig. 21. Curve showing amplitudes of Ripples from 
Grid-controlled Rectifier. 


wide voltage ranges are required additional tuned 
circuits may be necessary. 

Rectifiers supplying electrolytic processes and 
similar systems are usually operated at about 
their full load continuously, and in such cases the 
required degree of smoothing can be obtained by 
a cathode choke without the use of resonant 
shunts. 

There are many industrial applications of 
rectifiers where no telephone or other interference 
can exist, and in these cases smoothing circuits 
are quite unnecessary. In certain other installa- 
tions, if interference does occur, it can be elimi- 
nated by re-arranging the telephone system, which 
will generally be found much less costly than the 
provision of the resonant circuits. 

It has recently been established that a well- 
designed traction motor will behave satisfactorily 
when provided with current from an unsmoothed 
rectifier installation, even if the ripple content of 
its current is as high as 30 per cent., a figure which 
can never occur in practice except in cases of 
single-phase rectifiers. 
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Oscillograms of Voltage and Current Waves 
with complete Smoothing Equipment. 


Fig. 22. 


At present there are no approved standards 
for the degree of smoothing, but each case must 
be decided on its merits. It appears probable 
that these conditions will be improved in the near 
future, and that definite standards of smoothing 
for different duties will be agreed upon. 


PowER FACTOR. 


The power factor conditions on the A.C. side 
of a rectifier or invertor are of an entirely different 
nature from those which exist in a more conven- 
tional circuit. The current wave is angularly 
displaced relative to the voltage, and it has a 
non-sinusoidal form. The power factor must 
take account of the small increases in the r.m.s. 
current due to each of these conditions, and is, 
therefore, made up of two distinct factors. These 
are known as “ displacement ”’ factor and “‘ dis- 
tortion ’’ factor respectively, and the true power 
factor is numerically equal to their product. 

The displacement factor is governed chiefly by 
transformer reactance in a normal rectifier, and 
on a grid-controlled rectifier is influenced by the 
point of ignition of the are. On the other hand, 
the distortion factor is determined by the number 
of phases and the arrangement of the secondary 
windings, and varies from about .95 to almost 
unity with the different methods of transformer 
connection. 


Referring again to displacement factor and the 
effect of grid control on its value, some indication 
of the changes which occur are given in the 
oscillograms Fig. 23, which show the waves of 
anode current and voltage for a rectifier operating 
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on reduced D.C. voltage during rectification, and 
also during inverted running. In both cases the 
centre of gravity of the current half wave no 
longer coincides with the peak of the voltage wave 
and the displacement can be clearly seen. 


Overlapping of the current on two or more 
anodes and interlinking of the transformer 
phases give a resultant current wave in the 
primary, which approaches more or less to sine 
form, but in all systems of connection some dis- 
placement still remains, together with a certain 
amount of distortion. It will be noted that the 
displacement is lagging during rectification and 
leading on the voltage during inverted running. 
In neither case is there any component at 90° to 
the voltage wave, and there can, therefore, be no 
magnetising or de-magnetising effects. As the 
ignition is displaced to a later point on the voltage 
wave, the displacement factor decreases and 
approaches zero at zero volts, whilst the distortion 
factor shows very little change, the nett result 
being that the displacement factor of a grid- 
controlled rectifier is practically equal to the 
fraction of the D.C. volts which is being delivered 
at the terminals. Thus, 
delivering 300 volts D.C., 


if a 500-volt unit is 
its power factor will be 
though the actual 
demagnetizing current taken from the supply 
system may be negligible. 


ANODE VOLTAGE 
ra ANODE CURRENT 


in the neighbourhood of .6, 


RECTIFICATION. 


ANODE VOLTAGE 


NA 


REGENERATION. 


C VOLTAGE 


Fig. 23. 


Anode Currents and Voltage Waves. 
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For all practical purposes the power factor of a 
rectifier on full load is of the order of .93 to .96, 
but during inverted running these values cannot 
be approached, and the maximum power factor 
possible is in the neighbourhood of .88. This 
reduction is due to the necessity of commutating 
the are before the peak value of the anode is 
reached. An inverted rectifier of 1,500 kW. and 
500 volts will operate on a power factor of about 
82. This figure includes the effect of magnetising 
current together with the two other factors. 


In the majority of cases where grid-controlled 
rectifiers are installed to give voltage variation 
on the D.C. side, these power factor changes are 
of little importance, since they do not involve any 
serious increase in the magnetising currents in the 
system. Further, as the D.C. voltage is reduced 
the load on the rectifier in kW. is generally reduced 
in proportion. Consequently, there is no increase 
in the kVA. loading of the transformer or supply 
system through the action of the control grids. 


DEVELOPMENTS AND APPLICATIONS. 


The control of the are by simple and reliable 
means has rendered the rectifier the most versatile 
of all converting machines, and the successes 
already achieved suggest remote and wide develop- 
ments in the use of the electron stream in an 
atmosphere of suitable gas for many purposes, 
such as switching, regulating and relaying of 
power. 


Researches relating to the rapid de-ionisation 
of the are path and instantaneous transfer of the 
current from one anode to another are proceeding 
with a view to the development of inverted 
rectifiers converting direct current to high fre- 
quency alternating current. Success has been 
achieved so far up to about 1,000 cycles, and 
3,000-cycle units are at present under construc- 
tion for experimental purposes. 


Referring to practical developments in rectifier 
equipments, during the last twelve months many 
new applications have been made of rectifiers and 
rectifier groups, using the principles outlined 
above. Rectifier units of considerable power are 
protected from damage due to short circuits and 
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faults by the instantaneous blocking action of the 
control grids; they are also provided with a 
compound characteristic in addition to the 
regulation of the D.C. voltage, in spite of rapid 
variations on the A.C. supply. 


The use of rectifiers for the speed control of 
D.C. motors has been extended into the rolling 
mill field, and with two rectifiers coupled to the 
busbars with their polarities reversed relative to 
one another, an ideal arrangement can be made 
to take the place of the variable voltage motor 
generator set in the Ward-Leonard system, with 
greatly increased overall efficiency. An installa- 
tion of this type controlling a rolling mill of 
100 H.P. is in regular operation, and rectifier 
equipments to supply reversible rolling mill 
motors or winder motors of over 1,000 H.P. are 
contemplated. 


In the fields of high tension D.C. up to the 
limits for which it has been developed, the 
rectifier is unrivalled, and a solution to the 
problem of the high tension direct-current trans- 
mission of power appears to be in sight. The 
rectifier, acting as convertor, voltage regulator 
and circuit breaker at each end of the line, can 
carry out all these duties with reliability and very 
high efficiency. 


Frequency changing and phase conversion by 
entirely static means has also been developed, and 
rectifiers are now in service converting 3-phase, 
50 cycles to 165 cycles single-phase, and at the 
same time providing the single-phase circuit with 
the magnetising current required to maintain it 
in operation. 


The rectifier locomotive is already in being, 
and has taken two or three distinct forms ; the 
most promising scheme, however, incorporates a 
single-phase rectifier on the locomotive supplying 
current at variable voltage to D.C. motors. This 
system can also regenerate the power back to the 
line during the periods when the motors are being 
retarded. All control is carried out by polarised 
grids on the rectifier, 
ciated with resistance control are eliminated. 


and the usual losses asso- 


Many of these features are not yet commercial, 
but all are in course of development. 


¥ 
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New 


Rail Coach 


tor 


Branch Lime 


Fig. 1. 
L.MWS. 
One striking feature in the developments of 
recent years in railway transport is the use of 
motive power other than steam. Of the alterna- 
tives the diesel-electric rail coach has been the 
subject of much consideration, because it has 
quite definitely proved its value for particular 
conditions. It is impossible, however, to lay 
down hard and fast rules, 
decided on its own merits, and upon the condi- 
tions prevailing, and the requirements of the 
service. 
The English Electric 
pioneers in the development of electric traction 


xach case has to be 


Company's part as 
needs no special emphasis, and their equipments 
are to be found giving satisfactory service in all 
parts of the world. So far as the Company's 
experience in internal-combustion engined vehicles 
is concerned, it is necessary only to mention that 
in addition to many 40 h.p. petrol-electric loco- 


200 hip. Diesel- Electric Coach on the 


W orking, 


Warwick-Daventiy-Northampton Branch of the 
Railway. 
motives, which were supplied by the Dick, Kerr 
Works, during the War period, they have also 
supplied equipments for 100 h.p. petrol-electric 
rail coaches to the Uruguay State Railways : 
100 h.p. petrol-electric breakdown 
locomotive to the Montreal Harbour Commis- 
and complete 200 h.p. diesel-electric 


a 50-ton 


sioners ; 
rail coaches for the Venezuela Central Railway. 
They have supplied electrical equipments for 
200 h.p. diesel-electric rail coaches for the San 
Sebastian-Pamplona Railway in Spain: and in 
conjunction with Messrs. Armstrong-Whitworth 
& Co., Ltd., have provided the electric control 
and motor equipments for the three diesel-electric 
mobile power-house engined trains, and for the 
diesel-electric locomotive which were put into 
service this year on the Buenos Aires Great 
Southern Railway. It may be also mentioned 
here that 100 h.p. petrol-engined rail coaches and 
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300 h.p. locomotives, with mechanical trans- 
mission, have been supplied through the Drewry 
Car Company to the Bermuda Railway. 

The success attending the efforts of The 
English Electric Company in perfecting new 
developments in diesel-electric transport is well 
exemplified in the new diesel-electric rail coach 
described and illustrated in this article. The 
vehicle in its entirety was designed and_ built 
within the works of the Company : the coach and 
bogies at the Dick, Kerr Works, Preston; the 
engine at the Willans Works, Rugby: and the 
electrical equipment at the Phoenix Works, 
Bradford. Preliminary tests of the 
vehicle were made on the Company’s test track 
at Preston. Thus it will be seen that The English 
Electric Company is in an unique position, being 
able to build the complete vehicle within their 
own works, which ensures that full and continuous 


running 


attention can be given to all details, an advantage 
which can be readily appreciated. 

The coach is particularly designed for branch 
line working, and is arranged to haul a standard 
27-ton (tare) trailer coach. 

The general appearance of the vehicle is shown 
whilst Figure 2 
The 


ticulars of the vehicle are as follows :— 


in the frontispiece and Figure 1 : 


indicates the general layout. main par- 
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Maximum seating capacity ... 61 
Weight, in working order, but 
without passengers or bag- 
gage 
Maximum speed 
CoacH AND Boaigs. 
The body is built up on an underframe of 
rolled steel sections, riveted together, well braced 
and gussetted. The underframe bolster at the 
engine-end is of novel construction ; it is specially 
built to eliminate vibration, and has a swing 
bolster carried by four swing links, with nests of 


37) tons 
60 m.p.h. 


steel spiral springs and rubber shock absorbers. 
The bogie under the engine compartment is of 
plate frame construction, and carries the two 
axle-hung driving motors. The trailing bogie is 
built up of steel sections, and both bogies are 
fitted with S.K.F. roller bearing 
The body framework and the outer panels—and 


axle-boxes. 


the mouldings for securing them—are of steel, 
and the supporting pillars have ash fillings. 

The coach comprises five compartments ; the 
engine-room ; a driving compartment at each 
end; the passenger and a 
luggage room: the layout is shown in Figure 2. 


compartment 


The engine-room, which is of steel throughout, is 
separated from the passenger compartment by 


the luggage room: and the bulk-head on the 


Length over buffers 62 ft. 10} in. side nearest the passenger compartment is lined 
Length over body 59 ft. 6 in. with sound-deadening material, thus noise from 
Width over all ... Sft. 118in. the engine does not reach the passengers. The 
Height over all 12 ft. ll} in. roof of the engine-room can be removed to enable 
Seating capacity as at present the power unit to be lifted out bodily for major 
arranged ... ise 53 overhauls: should sufficient head-room not be 

UU 

G2'-\08 over 


Ud 


ll 
Fig. 2. Showing General Arrangement of the Rail Coach. 
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available to allow this method of removal the 
end of the coach-body can be removed, and this 
permits the withdrawal of the power unit on 
rollers. 

A view of the passenger compartment is shown 
in Figure 3. The interior finish is 
polished mahogany and bubinga, with mahogany 
mouldings, and the metal fittings are chromium- 
plated. The seats are upholstered in figured 
moquette, and have removable cushions. The 
present arrangement of the seats provides for 
but by a variation of the seating 
arrangements 61 passengers can be accommodated. 
Access to this compartment is afforded by a 
centre entrance controlled by sliding doors. 

At the trailing-end of the coach, the partition 
separating the passenger and driving compart- 
in effect, 


of hand- 


53 passengers, 


ments is of glass above the waist-line ; 
this gives the advantages of an observation saloon 
since a view can be obtained through the end of 
the coach. Blinds are provided to cover the 
window for night driving. 

The coach is provided with a vacuum brake 
operating on all wheels, and a screw-down hand- 
brake operating through the power brake rigging 
a brake on the wheels of the driving 
An electrically-driven exhauster is pro- 


applies 
bogie. 
vided and located in the engine-compartment. 
Power Unir anp ConrroL EQuIPpMENT. 
The engine is a vertical 4-stroke cold-starting 
mechanical-injection diesel engine 
cylinders each 6 in. 8 in., and develops 200 h.p. 
at 1,500 r.p.m. with a maximum output of 220 
alternative speeds of 1,200 


having six 


h.p. for 15 minutes ; 
r.p.m. and 900 r.p.m. can be obtained when the 
full output is not required. In design and manu- 
facture it embodies the knowledge gained from 
building 


some 27 years experience in diesel 
engines of all types and sizes up to 3,500 h.p. 

The engine is water-cooled, and the circulation 
of the water through the radiator and jackets is 
effected by means of a centrifugal pump driven 
from the crankshaft of the engine. An oil-cooler, 
through which the lubricating oil is circulated and 
cooled, is incorporated in the radiator, 

The speed at which the engine runs is controlled 
from the master controller located in the driving 


cab, the system by which the control is effected 


Fig. 3. 


Interior of Passenger Compartment. 


the same oil as 


that used for lubricating the engine, is used under 


being patented. In this system, 
pressure in control cylinders to make any required 
variation in the governor control spring settings, 
or in the timing: the oil valves are solenoid- 
If the oil pressure should fail at any 
time the engine is shut down automatically. 


operated. 


The engine is direct coupled to a 135 kW. 
generator, built and rated in accord- 


The excite 


designed, 
r, which 
This 


arrangement reduces the overall length of the 


ance with traction practice. 


is separately mounted, is chain-driven. 


complete unit to a minimum. The combined set 
is illustrated in Figure 4, and it will be seen that 
the engine and generator are carried in trunnions 
arranged to give a three-point suspension. In 
this way stresses are prevented in the crank-case 
or crank-shaft, due to any whipping or strain in 
the coach underframe. The arrangement enables 
the usual heavy bedplate to be dispensed with : 

and also eliminates the necessity to provide for 


special rigidity in the coach underframe. The 
power unit bearers and their fixing bolts are 
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the underframe 
with rubber, and this 


insulated from 


reduces 
any noise or vibration trans- 
mitted along the coach, to a 
minimum. 

The control equipment, com- 
prising reverser, motor contactors 
and the battery auto-cutout 
apparatus, is grouped together 
and conveniently mounted on a 
framework above the generator ; 
the connections between this 
apparatus and external cables 
are facilitated by the provision 
This simplifies 
and dismantling 


of terminal bars. 
disconnection 
for overhaul or other purposes, 
since the entire control equip- 
ment on its framework can be removed as one 
unit. 
compartment looking towards the generator end. 
HeatTiInG EQuipMENT. 
The means for providing adequate heating for 


Fig. 4. 


Figure 5 shows a view of the engine 


Fig. 5. 


View of Engine Compartment. 


200. hep. 
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1,500 r.p.m. Diesel Engine direct coupled to 
135kW. Generator. 

the coach, and for a possible trailer, was the 
subject of full consideration. A steam heating 
system was finally preferred to the more obvious 
methods, electric heating or exhaust heating, for 
example, for the following reasons. An electric 
heating system, although requiring only light and 
simple equipment, or an exhaust heating system, 
would have necessitated running the engine light 
when standing in stations, or when coasting, in 
order to obtain constant heating and even 
temperature. It would have been necessary also 
to run the engine before going into service so as 
to pre-heat the coach. In addition, with an 
electric heating system it would not have been 
possible to provide heating for an ordinary steam- 
heated trailer coach. 

As previously indicated a low pressure steam 
heating system is provided, and steam is supplied 
from an oil-fired boiler, the burner for which uses 
the same fuel as the engine. Radiators are fitted 
under the seats in the passenger compartment, and 
after circulating through these the steam is 
returned as condensate to the boiler through a 
feed-tank. A boiler feed pump forms part of 
the equipment, and the operation of this is con- 
trolled automatically by the water level in the 
boiler. Occasional replenishment of water in 
the feed tank is, of course, necessary to ‘make 
good any losses. If the water in the boiler reaches 
the limiting low-level, or if the flame from the 
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oil burner for the boiler is extinguished accident- 
ally, the oil supply to the burner is cut off 
automatically. Standard hose-couplings are 
fitted at each end of the coach, so that steam 
can be supplied to any standard steam fitted 
passenger coach which it may be desired to use 
as a trailer. 
OPERATION. 

The engine compartment requires no attendance 
during running. The vehicle is arranged for 
one-man operation. Control is extremely simple, 
and drivers quite new to this type of vehicle have 
been able to take over control after less than 
one hour tuition. Figuré 6 shows a view of one 
of the driving compartments. 

The engine is started by operating a push- 
button switch, one of which is located in each 
driving compartment. This sets up the circuit 
between the generator and the battery, and the 
generator runs as a motor and drives the engine, 
until the latter starts and takes on the drive. 
After starting, the master controller gives com- 
plete control of all operations, the engine speed 
can be advanced from idling to 1,500 r.p.m. in 
three steps, and finally weakens the traction 
motor field ; by moving the handle of the master 
controller backwards, the engine speed can be 
reduced, but the weak motor field condition is 
retained until the idling position on the master 
controller is reached. Thus economy of engine- 
power, combined with maximum electrical output, 
is obtained. Further economy in running costs 
can be secured by moving the master controller 
handle to the engine shut-down position during 
coasting periods and when standing in stations, 
etc. It should further be noted that the engine 
can be shut down by the master controller, which 
has the usual “ dead-man ”’ button incorporated. 

Excessive overload currents are prevented by 
the arrangement of the generator windings and by 
control of the excitation; and thus the engine itself 
cannot be overloaded: The full power output of 
the generator is maintained constant automatic- 
ally, over a wide range of train speed, it is there- 
fore unnecessary for the driver to watch any 
instruments while driving. 

A set of signal lights consisting of two red and 
two white lights is provided in each driving com- 


Fig. 6. One of the Driving Compartments. 


partment. The white lights indicate that the 

pressure of the lubricating oil is adequate, and 

that the water circulation is correct. The red 

lamps glow to give a warning signal both in the 

event of failure of the services mentioned, and 

also to indicate when the engine is shut down. 
SERVICE RESULTS. 

By the courtesy and co-operation of the L.M.S. 
Railway the rai! coach has been in operation 
under service conditions on portions of the L.M.S. 
Railway system. 

The first period of running was on the Warwick- 
Daventry-Northampton branch: the coach 
running as a single unit carrying passengers or 
with trailing loads, such as cattle-trucks, horse- 
boxes, etc., as required. Vehicles of the type 
exemplified here are available for work 23 hours. 
per day ; but for the period of running mentioned 
the coach was in service 15 hours per day for 
5 days per week. This arrangement was made 
to suit the convenience of the Railway Company 
so as to fall in line with the existing time tables. 

During five weeks, ending November 11th last, 
the rail coach ran 5,880 miles with an average 
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RUNNING DATA. WARWICK-DAVENTRY-NORTHAMPTON SERVICE. 

| gine ngine | 

| Date Solo | With Total Approx. Fuel Oil | Fuel Oil Total Fuel All Fuel Fuel 
| Week Miles Trailer Miles Total Engine | Boiler Galls Miles | Miles Lbs./ton 

| Ending | Miles |Ton/Miles Galls. Gals. per Gall. Mil 

| | | per Gall. Miles | 

| 14/10/33 1014 | 146 | 1160 | 48270 193.0 44.0 237.0 6.00 4.90 0356 

| 21/10/33 995 168 1163 48664 198.4 38.0 236.4 5.85 4.92 .0360 

28/10/33 1094 | 129 | 1223) 45020 183.8 | 34.25 218.05 6.65 5.60 .0360 
| 4/11/33 997! 173 | 1170 42200 182.8 31.0 213.8 6.4 5.46 
| 11/11/38 1021-142, ||:1163 42540 181.9 39.5 221.4 6.4 5.30 .0875 | 


engine fuel consumption of 6.26 miles per gallon 
(or 5.22 miles per gallon if the fuel for the heating 
system is taken into account). The oil for the 
heating-system works out at 0.5 gallons per hour 
of coach service. These figures include the 
mileage and engine running times during in- 
cidental service, such as shunting at wayside 
stations and shed movements. The accompanying 
table gives further details of the results obtained 
during this trial period. 

At the present time the coach is in service 


Fig. 7. 


coupled to a standard trailer-coach (tare 27 tons), 
on the Watford-St. Albans service, see Figure 7, 
and for this purpose the trailer coach has been 
fitted with a driving-end. 

From the information obtained on these trials, 
it is interesting to record that the steps taken to 
avoid the transference of noise and vibration 
from the enginé compartment to the passenger 
compartments, were entirely successful; the 
smooth acceleration, and good riding qualities of 
the coach have caused very favourable comment. 


Diesel-Electric Coach coupled to Standard Trailer Coach. 
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XI 


This “A.E.C.-English Electric” Trolley Bus 
designed for tramcar loads and peak-hour 
rushes seats 74 passengers. It is the biggest 
capacity Trolley Bus yet built. The body is 
designed on the most advanced lines, light in 
weight yet of robust construction and has alow 
stepless centre entrance, the result of utilizing 
the A.E.C. patented construction frame. This 
vehicle marks a big step forward in Municipal 
transport progress and makes possible the 


modernization of public service travelling TROLLEY 


facilities without scrapping existing systems or BUSES 
without lessening the capacity per vehicle. write now for full 


Write now for full specification and latest details of these modern 
vehicles for modern 
illustrated literature to— municipalities. 


THE ENGLISH ELECTRIC Company Ltd. 


Traction Department . . . . . Bradford, or 


THE ASSOCIATED EQUIPMENT Co. Ltd. 
Southall Middlesex 


BELOW—Show- 
ing the low stepless 
centre entrance, an 
important feature 
in design. 
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FOR PEAK HOUR LOADS THE NEW a 
74 Str. A.E.C. ENGLISH-ELE 
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COMMUTATOR COPPER 


to B.S.S. 445-—1932 


IN 
RANDOM 
LENGTHS 


IN 
BLANKS 
SAWN 
TO 
LENGTH 


IN 
BARS 
ROUGH 
SAWN 
TO 
SHAPE 


A special “ Bolton” copper has been 
introduced guaranteed not to soften 
during assembly or baking. It is sup- 
plied under the registered name of 


‘“COMBARLOY ” 


May we send you particulars ? 
ESTABLISHED 1783 
Thomas & Sons Li? 
London Office. Head Office: 
168 Regent Street Mersey Copper Works 


WIDNES 


December, 1933. 


COPPER 
FOR EVERY INDUSTRY’S REQUIREMENTS 
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MILLING MACHINES 
FOR V4 
RIGIDITY. 


M.E.5 Type Machine, with overarm withdrawn, face milling a 

large machine tool casting. The RIGIDITY of the machine 

was in no way impaired by the considerable overhang due 
to the awkward shape of the casting. 


May we assist you in your milling problems ? 


CRAVEN BROTHERS «mancuester) LTD. 


REDDISH - - - STOCKPORT. 
Sales Representatives, for Gt. Britain & Ireland: A.C. WICKMAN LTD., COVENTRY. 
Branches: LONDON, MANCHESTER and GLASGOW. 
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(REGp. TRADE Mark) 


“MARELLI” 
ELECTRIC FANS 


KNOWN THE WORLD OVER 


FOR 


RELIABILITY AND EFFICIENCY. 


The Fan 
which 
Rotates 
through a 
complete 
Circle. 


Specially 
wound 
for use 
in 
Tropical 


Climates. 


We manufacture fans for all purposes and our 
latest models embody all improvements made as 
a result of our extensive experience in the world’s 


markets. 


MARELLI & CO., LTD., 
FAN HOUSE, GARLICK HILL, 


LONDON, E.C.4. 


TeLterHone CENTRAL 3621. TeLcecrams: AURETTA, CANNON, LONDON. 
7745. 


Castes: AURETTA, LONDON. 
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Sockets & Pockets 


Not much connection between sockets and pockets at first 
thought ; but have you ever stopped to realise how small 
savings on each socket help to swell your pocket. It is 
really surprising how ‘“ Better-Service’’ Sockets cut your 
drilling costs. 

They outlast ordinary unhardened sockets many times, and 
will have an astonishing effect on your small-tool bill. 


Start ordering ‘‘ Better-Service”’ Sockets to-day, and let your 
pocket feel the benefit. 


SEND FOR SAMPLE SOCKET ON APPROVAL. 
A TRIAL WILL CONVINCE YOU. 


REDUCED PRICES. 


Inside Taper ; Price each 
(Morse Standard) Outside Taper 
No. I To suit No. 2 Morse 3 3 

! 4 6 0 

1 5 9 0 

No. 2 Ay 4 3 

2 6 0 

5 9 0 

No. 3 4 6 
5 9 0 
No. 4 a 5 ‘i | 9 0 


William Asquith, Limited, 


Well Royd Works, HALIFAX, 
ENGLAND. 
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17, GROSVENOR GAR LONDON, 


TOOLS 


COVER THE 
MANUFACTURING 
Ww oO R L Db The A.B.M.T.M. group of machine-tool makers covers the whole 


field of machine-tool building, giving the engineer at home and 
abroad a unique manufacturing and sales service. 


Apart from the mainspecialities of the Associated firms, as given below, 
customers have the advantages of the pooled research, the accumulated 
experience and the entire technical resources of the whole group. 


The abundant advantages thus provided by group co-operation will 
be obvious. The after-sales service provided is of a kind beyond the 
scope of the single manufacturer. 


THE MAIN SPECIALITIES \ 
ofthe Associated Firmsareas follows: 
Drilling Machines. James Archdale & Co., Ltd., 


Birmingham. 
Wm. Asquith Ltd., Halifax. 


Lathes. John Lang & Sons Ltd., Johnstone, 
Glasgow. 

Boring Machinesand Wm. Asquith Ltd., Halifax. 

Boring Mills. George Richards & Co., Ltd., Man- 
chester. 


Gear Cutting Machines. J. Parkinson & Son, Shipley, Yorks. 


Grinding Machines. The Churchill Machine Tool Co., 
Ltd., Manchester. 


Turret and Capstan H. W. Ward & Co., Ltd., Birming- 


Lathes. ham. 
Planers, Slotters, etc. The Butler Machine Tool Co., Ltd., 
Halifax. 
peat \ Kendall & Gent Ltd., Manchester. 
Milling Machines. J. Parkinson & Son, Shipley. 
Jas. Archdale & Co., Ltd., Birming- 
am. 
Wheel Lathes. Wm. Asquith Ltd., Halifax. 


For further particulars write to: if | 


17, GROSVENOR GARDENS 
LONDON S.W.1 
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INDEX TO | |INSULATED WIRE 
ADVERTISERS 


Associated British Machine 


Tool Makers, Ltd. ... XVI BY SEVERE 


Asquith, William, Ltd. a 
XI | TEMPERATURE 
Attwater & Sons... 


Bolton, Thomas & Sons Ltd. XII RISES 


Broadbent, Thos. &Sons, Ltd. IV 


Craven Brothers 
(Manchester), Ltd. XIII 


English Electric 
Company Limited 


Hall Bros. (West Bromwich) 


LEWBESTOS 
insulated wire 
is unequalled— 


Ltd. VI 
: 4 for use in the manufacture and 
London Electric Wire No thicker repair of coils for traction, 
Co. & Smiths Ltd. nde On than cotton- ™ining and mill motors; lift- 
neal: & , ing magnets and all apparatus 
Marelli & Co., Ltd. .... XIV covered 
Mason, E. N., & Sons, Ltd...... VIII wire—yet rises. 
insulated 
Micanite & Insulators Co., ‘ati tiene Withstands a test pressure of 
Ltd. 7 pia = Ill pur 1,000 Volts between turns after 
; 7 Asbestos long period working up to 
Midland Steel Co., Ltd IX PC. (392° F.) 


Siemens Brothers & Co., Ltd. X 
Silvertown Lubricants Ltd. Vil 


LEWBESTOS insulation is a 
pure Asbestos Fibre Insulation 
specially treated to remove all 


_ Straker Brothers Ltd. XVIII impurities, and it is moisture- 

proof and tough, but in spite 
Taylor, Tunnicliff & Co., Ltd. V of its toughness it will not crack 
Tube Products Ltd. II | 


Walker, James & Co., Ltd..... IX 


_ Westinghouse Brake & Saxby 
Signal Co., Ltd. .... a 


All communications respecting Editor- 
ial Contents and Advertising Rates 
should be addressed to The Editor, 
The English Electric Journal, 
The English Electric Company Limited, 
Stafford. 


| THE LONDON ELECTRIC 

| When communicating with Advertisers WIRE COMPANY AND SMITHS, LTD.. 

Church Road, Leyton, London, E.10. 

please mention English Electric Journal. 

| Telephone: LEYTONSTONE. 3626 (10lines). 
Telegrams: LEWCOS, LONDON, 
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TENDER COVERS AND 
BINDERS FOR EVERY 
PURPOSE 


STRAKER BROTHERS LTD. 


invite your enquiries for any 


of the above classes of work 


DESIGNING AND @ 
& ENGRAVING OF 
EVERY DESCRIPTION 


THE BISHOPSGATE PRESS 
194-200, BISHOPSGATE, 
LONDON, E.C.2. 


BISHOPSGATE 2444-5-6-7. 
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